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Muonic Atom Lamb Shifts via Simple Means and the Proton Radius Problem
J. P. Lestone

XCP-3, Los Alamos National Laboratory
5th Joint Meeting of the APS Division of Nuclear Physics and the Physical Society of Japan 

Tuesday–Saturday, October 23–27, 2018; Waikoloa, Hawaii 

A new simple method for understanding and calculating Lamb shifts to better than 1% is introduced and
applied to muonic hydrogen and muonic deuterium systems. The hydrogen and deuterium Lamb shifts
are due to an intrinsic fuzziness for the bound electron and muon probing the electric field near the
proton, associated with their interaction with the vacuum, of 74 fm and 0.36 fm respectively. The
smallness of the muon fuzziness suggests that the associated Lamb shifts need to be calculated including
some aspects of the internal degrees of freedom of the proton. If the charge of the proton is assumed to
be contained within a quasi-free  + for half of the time, then the calculated p and d Lamb shifts are
consistent with experiment without a need for a change in the proton radius.

Abstract
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A simple electron virtual-photon interaction mechanism can be used to understand and calculate Lamb shifts
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݉௘=0.511 keV⇒ 1072	MHz
݉ఓ=106 MeV  ⇒ 0.917	meV					݉ା ൌ ݉୮ ⇒ 0. 666	meV					∆ܧ Pߤ ൌ 0.30 6 	meV

݉ା ൌ ݉ୢ ⇒ 0. 778	meV					∆ܧ Dߤ ൌ 0.41 6 	meV

re(Lamb shift) ~74 fm r(Lamb shift) ~0.36 fm rp~0.9 fm rD ~2.14 fm ~ r

ܧ∆ Heߤ ~	0.0	meV		ሺpreliminaryሻ

Electron Lamb‐shift interactions will see the proton and deuteron as points  (at least displaceable ridged bodies)
Muon Lamb‐shift interactions might see the internal structure of the proton and deuteron.

proton = neutron + quasi‐free +

neutron

+

1 fm

neutron

p

2 fm

deuteron = neutron + quasi‐free proton

particle variance 
in units of (ƛC)2



n

 + 140 MeV

 106 MeV

Hypothesis : What if the proton behaves like a neutron plus a quasi‐free + for a significant 
fraction of the time

Can QCD theorists perform time‐dependent lattice QCD with a bound lepton?
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݉ା ൌ ݉୮ ⇒ 0. 666	meV ሺ50%ሻ
݉ା ൌ ݉ ⇒ 0. 170	meV	ሺ50%ሻ

Pߤ

0. 418	meV
ܧ∆	 model ൌ 0.25							meV
ܧ∆ exp 					ൌ 0.30ሺ6ሻ	meV

Dߤ

݉ା ൌ ݉୮ ⇒ 0. 666	meV ሺ50%ሻ
݉ା ൌ ݉ ⇒ 0. 170	meV	ሺ50%ሻ

݉ା ൌ ݉ୢ ⇒ 0. 778	meV	

0. 418	meV
ܧ∆	 model ൌ 0.36							meV
ܧ∆ exp 					ൌ 0.41ሺ6ሻ	meV

Can the suggestion be dismissed?
Is it worth trying to perform the QCD calculations to test the suggestion?

proton has a quasi‐free +  > 38%   (is this possible?)

deuteron has a quasi‐free proton > 80%   (is this possible?)


